To approximate conditions defluoridation groundwater, during this work, we are interested in the study of the influence of the presence of ions -counter on the ability of removing fluoride ions by chitosan. Also we searched the optimal conditions for the desorption using a basic solution. In light of this study, we observed that a NO 3 -and HCO 3 -share are the real competitors to the removal of fluoride on chitosan. And secondly, Desorption of fluoride from saturated support is possible and efficient with the addition of NaOH in our optimal desorption conditions.
INTRODUCTION
Polysaccharides are polymers of sugar units compounds in their cyclic form. They are naturally present under innumerable structures and compositions. Chitosan is one of these biopolymers. It is generally derived from chitin. Apart from cellulose, chitin is the most abundant biopolymer on Earth. The estimates of the abundance of chitin in the biosphere are about 10 13 kg 1 . A large proportion of the chitin biosynthesis is of marine origin, or around 2.3 x 10 9 kg per year 2 Chitin and chitosan are examples of non-biodegradable polymers and oil 3 . These biopolymers are at the heart of the study subjects of several research groups. The number of scientific papers dealing with these polysaccharides has more than tripled over the last discovred, from 505 for 1995 to more than 1,800 publications in 2005 (source: ISI Web of Knowledge). The motivations that guide the choice of subjects of these research teams are many. The increasing interest in these substances is due to several factors: availability, architecture, cost and primarily, the potential they represent for a multitude of applications in various domains. Just to list a few, include water treatment, materials, food processing, biotechnology, chemical catalysis, filling chromatographic columns and the pharmaceutical industry 1, 4, 5, 6 . 400 ANNOUAR et al., Orient. J. Chem., Vol. 32(1), 399-406 (2016) Water available in nature contains many soluble or suspended substances, some of which may contain fluoride at very variable concentrations from one region to another. Indeed, groundwater from the phosphates regions such as Youssoufia and Khouribga are particularly rich in fluorides due to leaching of these rocks 7, 8 .
The increase in the fluoride concentration in drinking water, causing a reduction of dental caries and prevention of tooth enamel 9,10 because fluoride is beneficial in small quantities but toxic in large doses 11 .
The acute toxicity appears only at doses in the range of 2.5 to 5 g adsorbent 12 , as strong fluorosis rapid and often fatal. Chronic fluorosis, which develops over several months or even years, appear at concentrations above 2 mg/l of a mottled enamel is known from "Darmous" 13, 14 . Before these permanent risks, defluoridation high concentration of waters in these cases F-becomes an obligation. Various methods have been tested for defluoridation water include: coagulation-flocculation and adsorption 8,15,16, precipitation 17 , ion exchange, reverse osmosis and electrodialysis 18 -20 .
The objective of this work is on the one hand, to study the effect of the presence of ions against the fluoride removal capacity of a synthetic solution by adsorption on chitosan. And secondly, to determine the optimal conditions for their desorption.
MATERIALS AND METHODS

Preparation of adsorbents brute chitin
Waste shrimps containing the soft part, head and shell are washed with distilled water and are then placed in an incubator at 50 °C until total drying. These are then ground and washed several times with distilled water until neutral. After filtration, they are delivered to the oven at 50 °C for drying and storage. It must dry at 50 °C for not changing the structure of the organic fraction of the waste and this until a constant mass 4, 21 .
Chitin
Chitin is a copolymer of D-glucosamine repeating units and N-acetyl D-glucosamine linked b-(1→4), whose chemical structure is shown in Figure  1 . It is prepared by the method used in K. Ryachi 21 crustacean wastes are first ground to have sizes of uniform particle (q<710 microns), are then soaked in a sodium hydroxide bath to 3% maintained at 50 ° C in order to remove remaining proteins. Another bath of hydrochloric acid (1.25 M) at 20 ° C, removes calcium phosphate salts or which cause the hardness of the shell.
Chitosan
Chitosan, deacetylated chitin derived, is a linear copolymer b-(1→4) N-acetyl D-glucosamine and D-glucosamine as shown in Figure 2 . It is obtained after deacetylation of chitin. The deacetylation is a delicate stage, deacetylation technics utilize basic hydrolysis step in aqueous solution. This is the method most common pre-repair, which involves soaking chitin already prepared in a bath of NaOH 50% at 100 ° C for a period of 4 hours under mechanical agitation 22, 23 .
At this point, when the product obtained is not enough white or lightly colored, we do a bleaching for one hour in an oxygenated water bath in acid (HCl/ H 2 O 2 : 1/9: V/V) 22, 23 . The last step of preparation is to wash chitosan obtained with distilled water several times until neutral pH.
The characterization of adsorbent materials by physico-chemical techniques (RX, IR, ...) confirms that we have obtained chitin and chitosan [24] [25] [26] . 4 2-et Cl -)was prepared from the mineral substance in the most soluble form (Na 2 CO 3 , KNO 3 , Na 2 SO 4 , NaF et NaCl) (product Merck purity 99%), and test solutions are obtained by diluting the mother solution.
Fluoride dosage
For dosing fluorides, several methods can be used including titrimetry, spectrometry and fluorine activation analysis.
In our study, the fluoride was measured by the potentiometric method using TISAB solution, a specific electrode for fluoride ions and a reference electrode (Ag/AgCl). It has the advantage of being simple, rapid response and to lend to dosages 27 according to the French standard AFNOR standard methods 24 (AFNOR T90-004). The apparatus used is a type of pH-iconometerJENCO 6209 model with a specific fluoride electrode. The concentration range that can be measured is 5 10
pH measurement
The pH of the solutions was measured using a WTW pH 522 meter with a combination electrode. Before each use, the device is calibrated using two Beckman buffers around the value to be measured 28 .
Defluoridation
The adsor ption exper iments were carriedout, in batch wise, in aqueous solution to chitosan. We introduced into the beaker containing synthetic solution to be treated,a known quantity of chitosan.
The assembly is subjected to mechanical agitation and samples were taken over time (t = 15 min), the samples are stored in the refrigerator at 4 ° C in plastic bottles. Analyses are performed within 24 hourswhich follow.
RESULTS AND DISCUSSION
Our study represents a continuation of our previous work concerning the defluoridation by various techniques, especially adsorption on chitosan, achieved by Annouar and al 4, 29 , the optimum adsorption conditions are:
The stirring speed is 750 r/ min. The better adsorption is obtained under ambient conditions T = 20 °C. The optimal of the adsorption is obtained in a slightly acidic medium (pH = 6).
The concentration of the adsorbent in the order of 4 g/l gives a better yield. The elimination reached 61% at a concentration of 8 mg/l of fluoride. The Contact time with the support is of the order of 15 minutes. Later, working in these preset conditions and adjust the pH of the solution to be treated to 6 before the addition of the adsorbent, meaning that we consider the interference between different ions present in the solution.
Effect of the presence of ions against the defluorination
To approximate conditions of groundwater, it is necessary to know if the presence of against-ion has an influence on the adsorption of fluoride which not. It is not obviously consider all the anions of water that exist in nature; for it is made of adsorption tests on certain ions which may compete with the adsorption of F and at the same time with the main compositions of natural water for varying ratios of 
Effect of the presence of chloride ions
The defluoridation curve in the presence of only fluoride ions increases with increasing concentration of fluoride to a maximum, to 60% at 
Effect of the presence of sulfate ions
Is also noted that, after the addition of sulfate ions to the various reports, the curve is similar to that of fluoride alone. It can be concluded that the fluoride adsorption is a little influenced by the presence of sulfate ions. Therefore, the defluoridation is not influenced by the presence of sulfate ions at different doses.
Effect of the presence of nitrate ions
By comparing thedefluoridation curves of chitosan in the presence of fluorides and nitrates at different ratios and the defluoridation curve in the presence ofsole fluoride ions, one can say that for low concentrations of nitrates and fluorides, fluorine is adsorbed first. Firstly, the defluoridation capacity decreases when the dose of nitrate increases. And therefore the nitrate ions have very high towards the competitiveness of defluoridation especially for high concentrations.
Effect of the presence of carbonate ions
By analyzing defluoridation curves in the presence of carbonates, we note that for equal concentrations of F -and CO 3 2-, chitosan prefers fix F -. However, the removal percentage of fluoride decreases when the amount of introduced carbonate increases. This allows to say that the carbonate ion present high towards competitiveness of the removal of fluoride ions by chitosan, and in particular to high doses of carbonate ions. 
Interpretation
Under the conditions studied, the results show that the presence of Cl -and SO 4 2-not significantly affect the adsorption capacity for the different concentrations of these ions, unlike CO 3 2- and NO 3 -ions that represent strong competitiveness towards the adsorption of fluoride by chitosan, especially for high concentrations. These results confirm those obtained by Jaafari and al in 1998 30 .
All based on the theory, it may explain the difference in selectivity for adsorption of ions competitive by comparison there of with a thermochemical ray. 126 µm) . During the first reading of this classification, we can understand that the selectivity of the chitosan is not done by chance, but it's based on the size of the entity to be adsorbed. We can therefore conclude that the selectivity of chitosan is based on the important parameter that is the thermochemical ray of the hydrated ion and taking into account the stability of coordination compounds obtained.
Desorption of the fluoride with sodium hydroxide
In principle anything that does not favor the adsorption can involve desorption 32 . The defluoridation is significantly related to the pH, which is why we made a regeneration with sodium hydroxide (soda).
The investigation of the desor ption of fluoride was made of parameter values that encourage desorption: concentration of soda, the volume of implementing and desorption kinetics.
Desorption tests were carried on the quantity of chitosan that has been saturated by contact with water rich in fluoride (10 mg/l). Desorption consists in 
Kinetics of desorption
Preliminary tests to determine the minimum time • of desorption are using: 10 g saturated support fluorides.
• 100 ml of sodium hydroxide solution (4 M).
• Agitation at 250 tr/ min for different durations.
• Finally, the solutions were analyzed after • filtration.
It is noted that the maximum desorption is reached after 45 minutes with a desorption capacity equal to 76% (Figure 7) .
Effect of soda concentration on the desorption
To determine the optimum concentration of soda, the desorption is carried out according to the same previous protocol, but with varying concentrations of sodium hydroxide.
We note that according to Figure 8 desorption is fast and efficient even for low concentrations of NaOH. The optimum desorption (76%) is obtained for higher soda concentrations ([NaOH]=3 M).
Efficiency of desorption for different volumes in sodium hydroxide solution
The optimal volume of the sodium hydroxide solution required for the maximum desorption is determined following the same protocol taking into account the optimum concentration and the predetermined contact time.
The maximum desorption is reached from a volume of 50 ml of 3M sodium hydroxide solution. Indeed, the percentage of desorption is constant when the volume is more than 50 ml.
Cycles adsorption-desorption
10 g of chitosan are bet in contact with a solution containing 10 mg l of fluoride, with an agitation speed of 750 tr/ min and at a pH of 6. After 15 minutes of contact, the support is separated into a basic solution of 100 ml of NaOH (3 M) of 250 tr/ min. After 45 minutes of desorption the support is recovered by filtration and is washed more than once it is readjust the pH with a HCl solution at 6 and the next adsorption phase can start again.
The representation of the results as a histogram of the percentage desorption depending on the number of cycles performed, revealed that the fluoride desorption rates from chitosan saturated with fluorides, is practically constant for 8 cycles performed.
DISCUSSION
In slightly acidic medium, one obtains a protonation of the organic functions present in the chitosan structure and the charge of the formed complex is compensated by the fixing of fluoride according to the following reaction: 
CONCLUSION
In light of this study competitiveness of the against-ions with respect to the elimination of fluorides depends thermochemical ray of the hydrated ion considered. Indeed NO are the real competitors to the removal of fluoride on chitosan.
concentration of ions against moves the equilibrium to the fixing against ions and the fluoride release.
Desorption of fluoride from saturated support is possible and efficient with the addition of NaOH in our optimal desorption conditions. Indeed the addition of the strong base to the complex formed after the defluoridation allows the neutralization of the latter and therefore the release of fluoride. In order to reduce the cost of the desorption of chitosan, it seems more discriminant using natural strong base which is more economical than lime. Can also valoriz the chitosan after saturation of fluorides as a fertilizer in agriculture.
